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.2012.07.0Abstract Schistosomiasis leads to structural and functional changes which may result from unbal-
anced release of some inﬂammatory mediators. The aim of the study was to investigate the effect of
intestinal parasitic infection on nitric oxide release and to evaluate the neural plasticity that leads to
motility disturbance. Experiments were performed in Swiss mice 8- and 12-weeks following infec-
tion with Schistosoma mansoni compared to untreated controls. Jejunal motility was assessed using
a Trendelenburg preparation to study aboral directed peristaltic pressure waves. Histological exam-
ination was used to determine the pathological characteristics of inﬂammation.
Parasitic infection produces diffuse inﬂammatory inﬁltrate in both 8- and 12-weeks infected
animals. Inﬂammation had signiﬁcant effect on peristaltic pressure waves amplitude and intervals
at 8-weeks compared to control; whereas, in 12-weeks post infection there was a signiﬁcant decrease
in peristaltic pressure waves amplitude and interval compared to 8- weeks and control.
Nitric oxide synthase inhibitor (L-NAME 100 lM) induced a signiﬁcant increase in amplitude
and decrease in intervals in control, 8- and 12- weeks infected animals. In conclusion, parasitic
infection leads to disturbance in the release of the inﬂammatory mediators. This study indicated
the role of nitric oxide in developing granulomatous inﬂammation and participating in motility dis-
turbance.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Schistosomiasis is a chronic, debilitating, parasitic disease
affecting over 200 million people (King and Dangerﬁeld-Cha,
2008). It leads to motility-related disturbances that play a keySaud University.
g by Elsevier
y. Production and hosting by Else
02role in most of the gastrointestinal symptoms. Seven weeks
after the initial transcutaneous infection, egg production starts.
These eggs penetrate the vessel wall to reach the small intestine,
leading to inﬂammation (Herbert et al., 2010). After penetrat-
ing the mucosa, the eggs are excreted along with the feces. How-
ever, 50% of the eggs remain entrapped within the gut wall
leading to chronic granulomatous inﬂammation and resulting
in intestinal dysfunction (Abdu, 2009).
Enteric nerves play an important role in the regulation of
gut function indirectly through changes of the myenteric
plexus and the neurochemical mediators which alter the neural
circuit controlling the structural and functional mechanisms in
the small intestine (Ren and Bertrand, 2008). The effect ofvier B.V. All rights reserved.
496 F.B. AbduSchistosoma mansoni (S. mansoni) infection on the smooth
muscle leads to a dysfunction of speciﬁc neuronal regulatory
mechanisms in the enteric nervous system (Balemba et al.,
2002; De Man et al., 2003). However the structure and func-
tion of neurons and the release of neurotransmitters in the en-
teric nervous system during schistosomiasis are still unclear.
In intestinal inﬂammation, neuronal activation and plastic-
ity (structural and neurochemical changes) cause dysfunction
of peptidergic neurons, and may contribute to motor, secre-
tory, and vascular disturbances (Sharkey and Kroese, 2001;
Krauter et al., 2007; Mawe et al., 2009). The synaptic plasticity
leads to facilitation of fast excitatory postsynaptic potentials
(fEPSPs) in the colonic myenteric plexus in response to inﬂam-
mation (Linden et al., 2003, 2004).
Neuronal dysfunction affects the enzymes that synthesize
the inﬂammatory mediators and accounts for the irregulation
of several physiological events. These enzymes are induced inFigure 1 Cross sections of the jejunum from (A) control mice and fr
weeks. The jejunum of 8-weeks infected mice showed a thickened sm
printed in the same ﬁnal magniﬁcation (Trichrome stain, ·10). Scale ba variety of cells, and produced large amounts of proinﬂamma-
tory including cytotoxic nitric oxide (NO) which in turn acti-
vates cyclooxygenase (COX) enzymes to release prostagla
ndins (PG) (Gookin et al., 2004; Mohn et al., 2005).
Nitric oxide is implicated in multiple physiological func-
tions, including neuronal communication (Ding and Wein-
berg, 2006; Benarroh, 2011). On the other hand, NO and
related radicals are very toxic group which physiologically
contribute to immune regulation and defense against S. man-
soni. It is produced by cytokine-activated macrophages within
the muscle layers and impairs smooth muscle responsiveness
(Akaike et al., 2009; Zahoor et al., 2009).
The effect of nitric oxide as intercellular messenger during
inﬂammation has been studied (Balemba et al., 2001; Chen
et al., 2010). However, the morphological basis for the distur-
bances is not well known. The present study was performed
to investigate the possible neuronal damage induced by S.om mice that were infected with S. mansoni for (B) 8- and (C) 12-
ooth muscle layer compared to control and 12-weeks. Images are
ar, 100 lm.
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and to correlate the histological ﬁndings with functional
changes.Figure 2 Cross section showing a diffuse inﬂammatory inﬁltrate
in 8-weeks infected jejunum. Note that the granulomas were
scattered in both layers muscularis and mucosa. (Trichrome stain,
·40). Scale bar, 25 lm.2. Materials and methods
2.1. S. mansoni infection
Swiss male mice (age: 8 weeks) were put in groups of ﬁve ani-
mals in a plastic tank ﬁlled with 1 cm of water. The mice were
allowed to adapt for 15 min. Then infectious cercariae of an
Egyptian strain of S. mansoni were added to the tank in a ratio
of 80–100 cercariae per mice and the mice were spontaneously
infected via the transcutaneous route. The animals were kept in
the tank for 30 min after which they were transferred back to
their cages. Before sacriﬁce, mice were fasted for 24 h with free
access to water in order to ensure that the gastrointestinal tract
did not contain remnants of food. After 8- and 12-weeks of
infection, the mice were stunned by a blow on the head and
sacriﬁced by cervical dislocation. The jejunum was rapidly ex-
cised and cleared of any mesenteric connective tissues; the lu-
men was ﬂushed with Krebs solution. The most proximal
(10 cm) portion was used for physiological studies and 2 cm
of the isolated jejunum was used for histological examination.
All experiments were approved by the Ethics Committee of
King Fahad Medical Research Centre (KFMRC).
2.2. Histology
Immediately after the mice were sacriﬁced, tissue samples from
the jejunum were ﬁxed in 4% formaldehyde and embedded in
parafﬁn. Routine 4 lm Masson’s trichrome stained sections
were examined (Davies et al., 2005). Morphometric analysis
was performed to assess the changes in the thickness of the cir-
cular and longitudinal muscle layers of the jejunal wall.
2.3. Recording of peristalsis
Two proximal jejunal segments (5 cm) in length were prepared
from each animal, and mounted horizontally in separate 20 ml
perfusion chambers ﬁlled with Krebs solution, maintained at
37 C and aerated with a mixture of 5% CO2 and 95% O2.
The oral and aboral ends of each segment were secured to
two metal catheters ﬁxed at either end of the chamber and ad-
justed to maintain the segments at their resting length. For
each segment, the oral end was connected to a perfusion pump
for intrajejunal infusion of Krebs solution at a rate of
0.16 ml/min, and the aboral end was attached to a pressure
transducer (NL108T2) to record the contractile activity as
changes in intraluminal pressure under isovolumetric condi-
tions. Tissues were maintained at 37 C, perfused with Krebs
solution at a rate of 5 ml/min, and allowed to equilibrate for
at least 30 min before experiments started. The experimental
setup was standardized by routinely infusing Krebs solution
into the closed segment at an initial intraluminal pressure of
4–5 cmH2O. Regular aborally propagating waves of contrac-
tion (Peristaltic pressure waves PPWs) were developed under
these conditions and could be maintained for several hours.
The output from the pressure transducers was relayed to a
Neurolog (Neurolog NL900D-Digitimer, UK) and to a data-acquisition system (CED 1401-Cambridge Electronic Design,
Cambridge, UK). Then they were connected to a computer
running Spike 4 software (CED), which displayed the two
channel pressure recordings online and also stored the data
for subsequent ofﬂine analysis.
2.4. Experimental protocol
Only preparations in which regular PPWs were maintained
were used for subsequent experiments. Drugs or the appropri-
ate vehicle was added to the chambers 20 min after stopping
perfusion. The recording continued for a further 20 min before
washing out the drug and reinstating perfusion. The response
to nitric oxide synthase inhibitor (L-NAME, 100 lM) and its
D isomers (D-NAME, 100 lM) was examined and studied in
control and infected mice.
2.5. Data analysis
The contractile activity of the isolated small intestine of 8- and
12-weeks infected mice was compared with the contractility of
isolated segments from age-matched control mice. Responses
are expressed as absolute values ± S.E, with n being the num-
ber of animals. Paired data were compared using ‘‘student’s’’
t-test as appropriate. Grouped data from control and infected
animals were compared using independent Mann Whitney
U-test. In all cases, a probability value of P < 0.05 was re-
garded as signiﬁcant.
2.6. Drugs
The following drugs were purchased from Sigma Chemical
(USA). The drugs were dissolved with appropriate media,
L-NAME was dissolved in saline (0.9% Nacl), while D-
NAME was dissolved in distilled water. All the drugs were
stored at 20 C. Freshly diluted aliquots were maintained
on ice during the course of the experiments and added to the
bath in micro liter volumes.
Figure 3 Cross section from 8-weeks infected jejunum showing
the granuloma surrounded by different type of inﬂammatory cells
including eosinophils, neutrophils and few lymphocytes
(Trichrome stain, ·40). Scale bar, 25 lm.
498 F.B. Abdu3. Results
3.1. Morphological damage
S. mansoni infection induced an inﬂammatory response which
was severe in 8-weeks but less in 12-weeks. During 8-weeks ofFigure 4 Cross sections showing the myenteric plexus in control mice
Trichrome stain, ·100, Scale bar, 10 lm) and 12-weeks (C, Trichrome s
Note that in 8-weeks post infection the myenteric plexus contains lar
chromatin and prominent nucleoli.infection there was mild diarrhea in some of the infected
animals.3.2. Histology
Histological characteristics of control, 8- and 12-weeks post
infection were examined. The total jejunal wall thickness of in-
fected tissues was obviously increased. Such an increase was
observed in 8-weeks compared to 12-weeks in both muscular
and mucosal layers (Fig. 1A–C). In 8-weeks of infection the
cross sectional area in the circular and the longitudinal muscle
layers was signiﬁcantly increased in infected jejunum (Fig. 1B)
compared to control (Fig. 1A), whereas in 12-weeks infected
jejunum there were some structural changes in the mucosal
layer with little thickening in circular and longitudinal muscle
layers (Fig. 1C).
A diffuse mucosal inﬂammation and granulomatous re-
sponse were detected 8-weeks post infection. The granulomas
were located in both muscular and mucosal layers (Fig. 2),
surrounding entrapped eggs. During this phase the inﬂamma-
tory inﬁltrate consisted of different types of inﬂammatory cells
including eosinophils, neutrophils and lymphocytes (Fig. 3).
The muscular structure in 8-weeks post infected jejunum
was different from control and contained paler and vascular-
ized muscle cells, but no trophic changes of the muscle layer
were found. (Fig. 4A and B). In severe inﬂamed tissues the(A, Trichrome stain, ·40, Scale bar, 25 lm), mice after 8-weeks (B,
tain, ·40, Scale bar, 25 lm) of infection with Schistosoma mansoni.
ge clusters of ganglion cells that have large nuclei with dispersed
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rupted compared to control (Fig. 4A and B). Affected ganglia
were inﬁltrated by eosinophils, lymphocytes, plasma cells,
and macrophages (Fig. 4B). Around the ganglia of the myen-
teric plexus there were a few granulocytes. During this phase
histological signs of necrosis of neural cell bodies were not
observed.
In 12-weeks infected animals the blunted villi in mucosa
were formed by the diffuse inﬁltrate. However, the number
of granulomas in general was less and the myenteric plexus
was also disrupted (Fig. 4C).
3.3. Effect of S. mansoni infection on peristaltic pressure waves
Contractile activity of jejunal segments progressively increased
in 8-weeks infected mice when compared to control. However,
in the 12-weeks infected jejunum, the inﬂammatory response to
infection was regressed compared to 8-weeks (Fig. 5A and B).
3.4. Inhibition of NO by nitric oxide synthase inhibitor
L-NAME (100 lM) was added to the bath to verify the rela-
tionship between NO inhibition and jejunal motility. Adminis-
tration of L-NAME produced an obvious increase in jejunal
PPW frequency in control, 8- and 12-weeks infected animals.
After the addition of L-NAME the pattern of contractileFigure 5 Contractile activity in control and infected mice
jejunum. Representative histograms showing the amplitude (A)
and the intervals (B) of isolated jejunum from control, 8- and 12-
weeks infected mice. All results are shown as mean ± SE.
*P < 0.05, **P < 0.01 compared with uninfected control (n= 16).activity in 8- and 12-weeks infected animals was different from
control. The base line was increased in 12-weeks compared to
8-weeks and control jejunum (Fig. 6A, 6B and 6C). In 8- and
12-weeks the amplitude and intervals could not be measured
due to the speed of propagated activity. D-NAME (100 lM)
had no effect on PPW in control and infected animals
(P> 0.05, n= 5).4. Discussion
Enteric neuronal plasticity comprises a wide range of struc-
tural and functional changes in enteric neurons (Lakhan and
Kirchgessner, 2010). Major features of neuroplasticity within
the enteric microenvironment encompass structural abnormal-
ities ranging from nerve re-arrangement to degeneration and
loss of enteric ganglion cells; altered synthesis, content and re-
lease of neurotransmitters as well as up- or down-regulation of
receptor systems (Vasina et al., 2006).
This study showed that eight weeks of inﬂammation pro-
duced disturbed GI contractility leading to diarrhea. Our work
was in agreement with
(El Zawawy et al., 2006) who showed that enteric nervous
system (ENS) structural changes related to S. mansoni infec-
tion accompanied with motility disturbance which were pro-
duced by granulomatous inﬂammatory response and the
increase of schistosome eggs in the small intestinal wall. These
factors induce smooth muscle hypercontractility, nausea, vom-
iting and diarrhea (De Man et al., 2002).
In the present work, the inﬂammatory response to
S. mansoni infection was studied to evaluate the structural
changes that were associated with neurochemical changes
and lead to motility disturbance. This study found that para-
sitic infection produces severe inﬂammatory inﬁltrate and
granulomas in 8-weeks while in 12-weeks the granulomas were
decreased.
Our observation in the histopathological lesions in both
muscularis and mucosa is in agreement with the other study
in intestinal infected mice (De Man et al., 2002), since the
scarce granulomas were found around entrapped eggs in
the small and large intestines and an acute diffuse mucosal
inﬂammation was observed mainly in the small intestine
and to a lesser extent in the colon. The granulomas described
here were composed of eosinophils and lymphocytes sur-
rounding an entrapped S. mansoni egg. The presence of
inﬂammatory cells that include eosinophilic granulocytes, in
close proximity of neurons of the myenteric plexus could be
important for the relevant motility changes since eosinophilic
granulocytes contain large amounts of neuropeptides, which
implicate them in key position to interact with neurons of
the myenteric plexus (Bogers et al., 1994). The destruction
of the myenteric plexus during early stage caused an increase
in the thickness of the muscularis propria and leads to higher
PPWs and diffuses inﬂammatory inﬁltrate (Hadzijahic et al.,
1993).
In this study the distribution of the granuloma of the intes-
tinal wall induced signiﬁcant increase in both muscular and
mucosal layers thickness in 8-weeks post infection and caused
a diffuse inﬂammatory inﬁltrate of the longitudinal and circu-
lar muscle cells with little thickening in muscular layer in 12-
weeks infected mice. However, this observation differs from
the previous report (Moreels et al., 2001) since 8-weeks after
Figure 6 Typical tracing showing the effect of L-NAME (100 lM)onPPWamplitude and intervals in (A) the uninfected control group, (B)
8-weeks post infection, (C) 12-weeks post infection. L-NAME augmented the amplitude of PPWs and decreased the intervals (n= 5).
500 F.B. Abduinitial infection, the ileal mucosal layer was only thickened,
whereas in 12-weeks infected mice the thickness of both the
mucosal and the muscular layers was increased due to the pro-
liferation of the muscle layers in 12 weeks after infection.
Our observations showed that L-NAME increased PPW
amplitude in both control and infected jejunums suggesting
the presence of NO in the smooth muscle cells. This result is
consistent with the study by (Lundberg et al., 2006) since
inducible nitric oxide synthase (iNOS) mRNA was present in
the mucosa and neuromuscular layers of jejunum. iNOS was
also expressed markedly during inﬂammation (Hogaboam
et al., 1995), and its action sustained for several hours, result-
ing in successive quantities of nitric oxide.
In the present work, S. mansoni infection leads to an obvi-
ous increase of contractile activity and such an increase could
be due to the excess release of some inﬂammatory mediators
as NO (Balemba et al., 2002). The release of NO activated by
resident macrophages within the muscle layers produce sub-
stantial amounts of NO which impair smooth muscle respon-
siveness (Spiller, 2002). Similar studies have also indicated
that NO plays an important role in modulating motor func-
tion. This refers to its relevance as a wide spread and intercel-
lular messenger as a cytotoxin released during several
physiopathological conditions, including parasitic infection
(Oliveira et al., 1998; Demedts et al., 2006; Xu et al., 2006).This study showed that L-NAME produced an obvious in-
crease in PPWs frequency after 8- and 12-weeks of infection.
This imply to NO production in both early and late stages of
infection. The inhibition of its production through the addition
of L-NAME is responsible for stimulating granulomatous reac-
tion. Our results are consistent with a previous study which
points to the role of NO in the development of granulomatous
inﬂammation during schistosomiasis and explains that when-
ever NO was present, agranulomatous response weakened
and whenever NO was blocked, granulomatous response devel-
oped (Ramos et al., 2006). This suggests an inverse correlation
between granuloma formation and production of NO. Kohn
et al. (2006) indicated that adult schistosomes might produce
NO via an L-arginine-dependent NOS activity and also pro-
vided further support that NO signaling may be playing impor-
tant physiological roles in the parasitic infection.5. Conclusion
Nitric oxide (NO) might play an important role in modifying
the mechanism of motor function of intestinal motility due
to parasitic infection. Neuroplasticity may help to elucidate
the pathophysiology of several diseases and development of
new pharmacological therapy.
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